J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 565 028 A1 



EUROPEAN PATENT APPLICATION 



@ Application number: 93105607.1 
(§) Date of filing: 05.04.93 



® Int. CI.6: H01H 35/34, H01H 5/30 



® Priority: 10.04.92 US 866600 


e 


Applicant: EATON CORPORATION 






Eaton Center, 


@ Date of publication of application: 




1111 Superior Avenue 


13.10.93 Bulletin 93/41 




Cleveland, Ohio 44114-2584(US) 


@ Designated Contracting States: 


® 


Inventor: Stahly, Daniel Clarence 


DE ES FR GB IT SE 




312 Myrtle 






Elmhurst, Illinois 60126(US) 






Representative: Wagner, Karl H. et al 






WAGNER & GEYER 






Patentanwalte 






Gewuerzmuehlstrasse 5 






D-80538 Munchen (DE) 



® Pressure switch. 



00 



in 

CD 
lA 



@ A resilient diaphragm operated pressure switch 
(10) having a Belleville spring washer (30) with a 
dished spring disc (34) nested in the center and 
supported on the inner periphery of the washer 
resisting nnovement of the diaphragnn (24). An ac- 
tuator member (36) is spring biased against the disc 
and has one end of a toggle spring (46) registered 
thereon with the other end connected to a movable 
switch contact blade (48) initially in an open-circuit 
condition. Upon the diaphragm initially experiencing 
increasing pressure to a first level, the actuator of 
the dished disc reverses curvature and moves the 
actuator to effect movement of the contact blade to a 
closed circuit condition. Upon further pressure in- 
crease to a second level, the Belleville washer snaps 
over-center and causes further movement of the 
actuator in the same direction and causes the toggle 
spring to snap over-center and return the contact 
blade member to the open-circuit condition. Upon 
decreasing pressure to a third level between the first 
and second levels, the Belleville washer again snaps 
over-center and retracts the actuator and causes the 
toggle spring to go over-center and move the con- 
tact blade again to closed circuit condition. Upon 
further pressure decrease to a fourth level less than 
the first level, the dished disc snaps back and re- 



tracts the actuator sufficiently to cause the toggle 
spring to allow the control blade to return to the 
initial open-circuit condition 
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BACKGROUND OF THE INVENTION 

The present invention relates to pressure 
switches and particularly pressure switches of the 
type wherein the switch exhibits make-before-break 
characteristics on increasing pressure and also 
make-before-break actuation characteristics upon 
decreasing pressure. Switches having this type of 
actuation characteristics find application in auto- 
motive air conditioning systems where it Is desired 
to control the energization and de-energization of 
the refrigerant compressor clutch in response to 
changes in the pressure of the vaporized refriger- 
ant circulating in the system. 

Typically, automotive air conditioning system 
pressure switches employ a pressure-responsive 
diaphragm acting against a movable piston to pro- 
vide the necessary actuating force for operation of 
the electrical switch mechanism to control the com- 
pressor clutch. However, it has been found in pres- 
sure switches of this type that the required move- 
ment of the piston produces undesirable amounts 
of movement of the diaphragm in the boundary 
regions thereof. This movement has ultimately re- 
sulted in fatigue failure of the diaphragm and re- 
duced service life of the pressure switch. 

It has thus been desired to find a way or 
means of controlling the movement of a pressure- 
responsive diaphragm in a pressure switch in a 
manner that will produce long service life in terms 
of number of cycles of the switch and yet provide 
the desired make-before-break binary type actu- 
ation of the switch over a broad range of sensed 
pressures. It has also been desired to devise such 
a binary action pressure switch which has a mini- 
mum of parts or components and lends itself to 
high volume mass production techniques and has a 
resultant low manufacturing cost. 

SUMMARY OF THE INVENTION 

The present invention provides a diaphragm 
operated make-before-break or binary actuation 
type pressure switch with movement of a pressure- 
responsive diaphragm resisted in part by a Belle- 
ville washer disposed about the periphery of the 
diaphragm. A relatively thin dished snap-acting 
disc is mounted at its outer periphery about the 
inner periphery of the Belleville washer and resists 
movement of the central region of the diaphragm. 
The dished disc bear against an actuator member 
having one end of a snap-acting toggle spring 
registered thereon with the opposite end of the 
toggle spring connected to a movable switch con- 
tact blade member for effecting actuation and 
deactuation of the contact blade member against a 
stationary contact. The actuator member is biased 
into contact with the dished disc by a second 



spring. 

Upon increasing pressure at the pressure 
switch inlet or sensing port, the forces of the pres- 
sure acting on the diaphragm at a first pressure 

6 level cause the dished disc to snap over-center. 
The snap movement of the disc moves the actuator 
member, causing the toggle spring to move a slight 
amount to effect closing of the movable contact 
blade against the stationary contact without yet 

10 effecting a snap actuation. 

Upon further increases in pressure to a second 
preselected level, the forces of the pressure acting 
on the diaphragm cause the Belleville washer to 
snap over-center and move the actuator member 

75 further in the same direction a sufficient amount to 
move the end of the toggle spring over-center and 
effect a reverse snap action of the movable contact 
blade member to the open switch condition. 

Upon decreasing pressure from the second 

20 preselected level, the Belleville washer Is caused to 
again go over-center in the reverse direction at a 
third pressure level slightly below the second level, 
permitting the actuator member to return the end of 
the toggle spring to a preposition, causing the 

25 toggle spring to again snap the movable contact 
blade member to the closed circuit condition 
against the stationary contact. Upon further pres- 
sure decreases from the third level, the dished disc 
is again snapped to its initial position by the force 

30 of the second spring biasing the actuator member 
thereagainst; and, the toggle spring is lifted to a 
position permitting the movable contact blade 
member to again go open-circuit with respect to 
the stationary contact. 

35 The nested dished disc on a Belleville spring- 

type spring resistance against movement of the 
pressure-responsive diaphragm provides the pres- 
sure switch of the present invention with a unique 
binary or make-before-break actuation with a mini- 

40 mum of parts and a minimum of movement of the 
pressure-responsive diaphragm. The unique con- 
struction of the present pressure switch provides 
long service-cycle life of the diaphragm and en- 
ables low-cost manufacturing of the switch assem- 

45 biy from a minimum of parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of the pressure switch 

50 assembly of the present invention in the initial 
condition with no pressure signal applied to the 
inlet port; 

FIG. 2 is a view similar to FIG. 1 with the switch 
pressurized to a first predetermined pressure 
56 signal at the inlet port; 

FIG. 3 is a view similar to FIG. 1 showing the 
pressure switch pressurized to a second higher 
level of pressurization at the inlet port; 
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FIG. 4a is a graphical description of the switch 
actuation on increasing pressure; and, 
FIG. 4b is a view similar to FIG. 4a with switch 
actuation on decreasing pressure. 

DETAILED DESCRIPTION 

Referring to FIG. 1 , the pressure switch of the 
present invention is indicated generally at 10 as 
having a body or base 12 and has a switching 
cavity 14 formed therein. A housing or cover mem- 
ber 17 is secured over the base 12 by any suitable 
expedient as, for example, the inwardly turned 
edge 16, which may be formed to provide a snap- 
lock engagement if desired. 

Housing 16 has an inlet port 18 provided in 
boss 20 formed thereon. A pressure-sensing cavity 
22 Is formed in the housing 16 and has a pressure- 
responsive diaphragm 24 sealed about its periph- 
ery by seal ring 26 compressed thereagainst by 
housing 16 upon assembly of the housing over the 
base 12. 

Diaphragm 24 has registered thereagainst on 
the under side thereof a resiliently deformable 
spring assembly indicated generally at 28 which 
resists downward movement of the diaphragm 
upon application of a pressure signal to port 18 and 
cavity 22. 

Spring assembly 28 comprises an annular, 
preferably conically tapered relatively thin spring 
member or Belleville washer 40 registered at its 
outer periphery in a groove formed in the base 12. 
Spring washer 30 in its initial configuration is ta- 
pered in an upward direction as illustrated in FIG. 
1. The Belleville spring washer 30 has a ledge or 
shoulder 32 formed about the inner periphery 
thereof which shoulder 32 has registered 
thereagainst the outer periphery of a dished, rela- 
tively thin disc spring member 34 which has the 
concave surface thereof disposed downwardly as 
shown in FIG. 1. 

A movable actuator member 36 has the upper 
end thereof registered against the undersurface of 
disc 34; and, is biased thereagainst by a second 
spring 38 which has its upper end registered 
against a shoulder 40 formed on the actuator mem- 
ber. The lower end of spring 38 is registered 
against the inner surface of an adjustable rotatable 
plug 42 which is threadedly received in the base 
12. 

The actuator member 36 has a notch provided 
in the side thereof into which is received one end 
44 of a bowed toggle spring 46 which has its other 
end connected to a movable blade member 48. 
Blade member 48 has movable electrical contact 
50 mounted thereon and has the opposite end 
thereof anchored in electrical connection with a 
terminal 52 which has one end thereof extending 



outwardly through base 12 and which is adapted 
for external electrical connection thereto. 

A stationary contact 54 is disposed directly 
beneath contact 50; and, the contact 54 is elec- 

5 trically connected to a terminal 56, which also 
extends outwardly from the base 12 and is adapted 
for external electrical connection thereto. 

Referring to FIG. 1, the switching mechanism 
indicated generally at 60 is shown in the unpres- 

10 surized state and the unactuated or open-circuit 
condition with contact 50 separated from contact 
54 break the circuit between terminal 52 and termi- 
nal 56. 

It will be understood that the movable contact 

75 blade 48 may be bifurcated to permit the actuator 
36 to pass between parallel legs thereof; or, the 
actuator 36 may be slotted to permit the blade 
member 48 to pass therethrough. In the presently 
preferred practice of the invention, the movable 

20 contact blade member 48 is bifurcated to permit 
the actuator member 36 to pass between parallel 
portions thereof, only one of which is illustrated in 
the drawings and which parallel portions are an- 
chored commonly to terminal 52. 

25 Referring to FIG. 2, the pressure switch 10 is 

shown In the condition with the switch means 60 in 
the actuated or closed circuit condition to complete 
a circuit between terminals 52 and 56 with contact 
50 closed against contact 54. In the condition illus- 

30 trated in FIG. 2, a fluid pressure signal correspond- 
ing to level A in FIG. 4a has been applied to inlet 
port 18 sufficient to cause the forces acting over 
the diaphragm 24 in the central region thereof to 
deflect the dished disc 34 in a snap action over- 

35 center to the concave upward configuration illus- 
trated in FIG. 2. In this snapped concave upward 
condition, the disc 34 has moved the actuator 
member 36 downward and lowered the end 44 of 
the bowed spring 46 an amount sufficient to move 

40 contact blade member 48 to the downward position 
illustrated in FIG. 2. It will be understood that the 
end 44 of the toggle spring 46 remains above the 
actuator member 48 and does not go over-center 
in the condition of FIG. 2 and provides a downward 

45 bias on the actuator member 48 to maintain contact 
50 firmly closed against the stationary contact 54. 

Referring to FIG. 3, the pressure switch 10 is 
illustrated in the condition wherein the pressure at 
inlet 18 has been raised to a second preselected 

50 level identified by reference character B in FIG. 4a 
in which the Belleville washer has snapped over- 
center or downwardly under the urging of the pres- 
sure forces acting over the diaphragm 24. In the 
pressurized condition, denoted at point B in FIG. 4a 

55 and as shown in FIG. 3, the switch actuator mem- 
ber 36 has been moved downwardly and in the 
same direction of movement as in FIG. 2 by an 
additional amount such that the end 44 of toggle 
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spring 46 has been moved downwardly between 
the unshown bifurcated portions and below contact 
blade 48. When the end 44 of spring 46 is moved 
past blade 48, this causes movement of the contact 
blade 48 upwardly with a snap action to the posi- 
tion shown in FIG. 3, breaking contact between 
movable contact 50 and stationary contact 54 and 
opening of the circuit between terminals 52 and 56. 

As the pressure In the port 18 is decreased 
from that denoted by level B In FIG. 4a, to a level 
intermediate level B and level A as denoted by 
reference character C in FIG. 4b, the Belleville 
toggle spring 30 is again snapped upward to have 
the configuration as shown in FIG. 2 allowing the 
actuator member 36 to again move upward and 
allows move end 44 toggle spring 44 again above 
contact blade 48, which results in snap-action re- 
closing of the switch 60 to the condition shown in 
FIG. 2. 

As the pressure is further decreased below 
level C to a level denoted by reference character D 
in FIG. 4b, which is slightly below the level A of 
FIG. 4a, the dished disc 34 is permitted to snap 
back to the upwardly concave position shown in 
FIG. 1, thereby permitting spring 38 to move ac- 
tuator 36 upwardly, permitting end 44 of the bowed 
spring 46 to allow contact blade member 48 to 
again move upwardly to the open-circuit condition 
shown in FIG. 1. This condition is Illustrated by 



ing 

(i) a Belleville washer supported at its 
outer periphery on said body means, 

(ii) a convexo-concave disc having the 
6 outer periphery thereof supported on the 

inner periphery of said Belleville washer, 
wherein upon increasing pressure on 
said pressure-responsive means, said 
disc undergoes snap-acting reverse cur- 
10 vature movement at a first pressure level 

and said Belleville washer goes over- 
center with a snap-action at a second 
pressure level higher than said first level; 
and, 

75 (d) switch means including actuator means 

operably moved by said disc for actuation 
and de-actuatlon. 

2. The assembly defined in claim 2, wherein said 
20 Belleville washer has an offset formed about 

the inner periphery thereof with said disc regis- 
tered In said offset. 

3. The assembly defined In claim 1 , wherein said 
25 disc has a convexo-concave configuration. 

4. A pressure switch assembly comprising: 

(a) body means defining a fluid pressure 
signal port and a fluid pressure sensing 
cavity communicating with said port; 

(b) a pressure-responsive diaphragm for- 
ming a portion of the boundary of said 
cavity; 

(c) spring means resiliently opposing move- 
ment of said diaphragm with increasing 
pressure in said cavity, said spring means 
including; 

(i) an annular axially inclined member 
resiliently supported on said body means 
about its outer periphery, 

(ii) a dished disc having its outer periph- 
ery supported on the inner periphery of 
said annular member, said disc operable 
to resist movement of said diaphragm by 
resilient deflection thereof, said disc fur- 
ther capable to reach deflection instabil- 
ity and reverse curvature at a force level 
corresponding to a first preselected pres- 
sure acting on said diaphragm, said an- 
nular member operable to reach deflec- 
tion instability and effect an over-center 
movement at a load corresponding to a 
second preselected pressure higher than 
first pressure acting on said diaphragm; 
and, 

(d) switch means, including an actuator op- 
erable in response to movement of said 
disc, said switch means in the open-circuit 



reference character D in FIG. 4b. 30 

The present Invention thus provides a unique 
simplified construction for a binary or make-before- 
break pressure switch employing a nested disc In a 
Belleville washer which gives staggered snap ac- 
tion to the switch on increasing and decreasing 35 
pressure. The pressure switch of the present inven- 
tion thus provides a minimum of movement to the 
pressure responsive resilient diaphragm and thus 
improves the service life of the pressure switch. 

Although the invention has been hereinabove aq 
described with respect to the illustrated embodi- 
ments, it will be understood by those having or- 
dinary skill In the art that the Invention Is capable of 
modification and variation, and is intended as limit- 
ed only by the following claims. 45 

Claims 

1. A pressure switch assembly comprising: 

(a) body means defining fluid pressure sig- 50 
nal port and a fluid pressure sensing cavity; 

(b) pressure-responsive means forming a 
portion of the boundary of said cavity and 
movable in response to pressure changes in 
said cavity; 56 

(c) bias means disposed on one side of said 
pressure-responsive means and resisting 
movement thereof, said bias means includ- 
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condition upon said cavity experiencing at- actuation. 

mospheric pressure and upon said port and 

said cavity experiencing a first preselected 

level of pressure signal said switch actuator 

being moved by snap action of said disc to 6 

actuation of said switch means to the closed 

circuit condition and upon further increase 

in said pressure signal to a second 

preselected level significantly greater than 

said first level said annular tapered member io 

snaps over-center and further moves said 

actuator member causing said switch 

means to again go to open-circuit condition. 

5. The pressure with assembly defined in claim 75 
4, wherein said switch means has a snap ac- 
tion mechanism. 

6. The pressure switch assembly defined in claim 

4, wherein said switch means is operative upon 20 
port and said cavity experiencing decreasing a 
decreasing pressure signal from said second 
preselected level to a third level significantly 
less than said second level and greater than 
said first level to again go to a closed circuit 25 
condition, and upon further decreasing of said 
pressure signal to a fourth preselected level 
less than said first level, said switch means 
returns to the open-circuit condition. 

30 

7. The pressure switch assembly defined in claim 
4, wherein said switch means has a snap ac- 
tion between said first and second level of said 
pressure signal. 

35 

8. The pressure switch assembly defined in claim 

4, wherein said annular axially inclined mem- 
ber has an annular shoulder formed about the 
inner periphery thereof with said disc regis- 
tered thereon. 40 

9. A pressure switch comprising: 

(a) body means defining a pressure-sensing 
cavity having a pressure signal port therein 

and a resilient diaphragm movable in re- 45 
sponse to pressure changes in said cavity; 

(b) spring means resiliently resisting move- 
ment of said diaphragm and including 

(i) a Belleville spring washer supported 

on said body means about its outer pe- 50 
riphery, 

(ii) a dished spring disc having its outer 
periphery supported on the inner periph- 
ery of said Belleville washer; 

(c) actuator means operably contacting said 55 
spring means for movement therewith; and, 

(d) switch means operably contacted by 
said actuator means for actuation and de- 
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